When radiofrequency (RF) transmissionˆeld represents B 1 ＋ , the receptionˆeld represents B 1 -* . The distribution of those maps demonstrates asymmetric features at highˆeld magnetic resonance (MR) imaging. Both maps are in mirror symmetry to one another. Almost symmetric distribution of the B 1ˆe ld was expected on the laboratory frame in a symmetric sample loaded inside the RF coil designed to achieve a homogeneous B 1ˆe ld. Then, a simple change was made in the coordinate transformation equation of RFˆelds between the rotating and laboratory frames in both linear and quadrature modes to investigate the source of this feature of asymmetry. The magnitude of rotating frame components, B 1 
When radiofrequency (RF) transmissionˆeld represents B 1 ＋ , the receptionˆeld represents B 1 -* . The distribution of those maps demonstrates asymmetric features at highˆeld magnetic resonance (MR) imaging. Both maps are in mirror symmetry to one another. Almost symmetric distribution of the B 1ˆe ld was expected on the laboratory frame in a symmetric sample loaded inside the RF coil designed to achieve a homogeneous B 1ˆe ld. Then, a simple change was made in the coordinate transformation equation of RFˆelds between the rotating and laboratory frames in both linear and quadrature modes to investigate the source of this feature of asymmetry. The magnitude of rotating frame components, B 1 ＋ and B 1 -, consists of the magnitude and the phase diŠerence of the laboratory frame components. The rotating frame components diŠer in the sign of the sinusoidal phase diŠerence. 
Introduction
Highˆeld magnetic resonance (MR) imaging provides anatomical images with high resolution and detects focal regions with high contrast. However, inhomogeneous distributions of radiofrequency (RF)ˆelds in the human body produce nonuniform images, an issue particularly conspicuous at more than 3 Tesla. Signal intensities in images obtained at highˆeld are higher around the center and lower in peripheral regions. 1 At the Larmor frequency, the wavelength is shortened inside dielectric samples, such as the human body, and is comparable to or even less than the size of the sample. Under this condition, the amplitude and phase of the RFˆeld depend on the position inside the subject, and inhomogeneous distributions occur. 2, 3 Superposition of RFˆelds with opposite phases yields regions of low signal in body images at 3T and even in the brain at 7T. To overcome this problem, multi-transmit array coils have been developed with an RF shimming technique in which the amplitude and phase of each coil element are adjusted. 4, 5 The development of such RF technologies has advanced researcher understanding of RFˆeld behavior in dielectric samples at higherˆelds, and analysis has clariˆed the inequality of RF transmission and receptionˆelds, even in transceiver coils. 2, 3, 6 The RF transmissionˆeld rotates in the same direction as the nuclear spin precession and induces a ‰ip angle. A quadrature coil has been designed that uses 2 orthogonal coils or feeding ports excited with a 909phase diŠerence to generate only thisˆeld. 2, 7 Reception mode requires an opposite set of those phases, that is, a -909phase diŠer-ence. Glover and coworkers suggested that the receptionˆeld seems to be a component that rotates in a direction opposite to nuclear precession. -*, the RF receptionˆeld, where bold style is a complex vector and * denotes a complex conjugate. 3 Performing experiments and calculations using a single-channel (linear) surface coil at 7T, Collins and colleagues reported that transmission and reception distributions diŠer inside a human headsized spherical phantom containing saline solution, even using a transceiver surface coil. 8 Such distributions are asymmetric and show mirror symmetry. Wang, Collins, and colleagues examined transmission and reception maps using a quadrature surface coil at 7T. Though these samples and human brain images were almost symmetric, the distributions of the transmission and reception RFˆelds were asymmetric.
In this work, we investigate the source of asymmetric distributions in the cases of both linear and quadrature coils through the coordinate transformation equations on the magnitude of RFˆelds B 1 between the rotating and laboratory frames. Wê rst derived those relationships from the equations on coordinate transformation in complex vector space 3 and found that the primary origin of asymmetry was the phase diŠerence of the RFˆeld components in the laboratory frame. We examined maps of the magnitude of B 1 in the laboratory frame computed from measured transmission and reception maps of a phantom and human brains. of the x and y components in the laboratory frame. The root of this term means the time average of a magnitude on a plane deˆned by the x and y axes, which we deˆne as:
Materials and Methods

Relationship of RFˆeld magnitude
When the amplitude and phase of RFˆelds depend on position in the subject, B 1x and B 1y in the laboratory frame can be expressed in a complex manner as: B 1j ＝B 1j e i(uj＋q) e ivt ( j＝x, y). 3 The real part in this expression ‰ips magnetization. B 1j and u j are variables that depend on frequency and position resulting from conductivity and permittivity of the subjects; q is the phase of current on an RF coil that has aˆxed value.
By substituting the equations in the imaginary part of B 1x * B 1y , we obtain B 1x B 1y sin (u y -u x ), which is deˆned as:
1xyPhase ＝B 1x B 1y sin (u y -u x ).
[3b] At highˆeld, the phase changes cannot be ignored, and theseˆelds diŠer. By rearranging Eqs. , which can be measured in nuclear magnetic resonance (NMR) as:
Quadrature coil A quadrature volume coil has 2 isolated ports for generating orthogonal magneticˆeld components. In transmission mode, excitation is done via 2 feeding ports with a 909phase diŠerence, and a magneticˆeld component with the same direction of nuclear spin precession can be generated. 2, 7, 13 In reception mode, 2 components of the electromagnetic force induced by the rotating magnetization are combined with the opposite phase diŠerence. The transmission RFˆeld is denoted by B 1t ＋ and the reception RFˆeld, by B 1r -* , 9 in a quadrature coil. Figure 1 is a schematic of a quadrature coil with 2 orthogonal ports, P and Q. We consider the case where excitation is done via ports P with a 09phase and Q with a -909phase. The RFˆelds in the laboratory frame generated via port j are denoted by B j-represents the component with the opposite direction in transmission mode. The P-and Q-axes denote axes that pass through the respective P and Q feeding ports. B 1t P＋ and B 1t Pare described as:
Transmission mode
From a port Q, considering a phase of -909 ,
Two orthogonal modes are electromagnetically isolated, and the total RFˆeld is calculated by superposing theˆelds at P and Q.
The magnitude of the components is calculated in the same manner for a``linear'' coil.
In a quadrature coil, adjustment should be made to maximize B 1t ＋ and minimize B 1t -to generate an RF eld with the same rotational direction as that of nuclear spin precession. In this condition, B 1t -¿0 and the following equation is derived:
Substituting Eq. ).
[12b]
B QD 1xyMag consists of both magnitudes of RF fields generated by excitation via the P and Q ports.
Reception mode
In reception mode, the phases of the 2 ports are reversed, and the phase of P is set to -909and the phase of Q is set to 09 (Fig. 1 ). An NMR signal is acquired after combining the electromotive forces detected at P and Q. . We performed all measurements using a 4.7T whole-body NMR spectrometer (INOVA, Agilent, USA). We used a transverse electromagnetic (TEM) coil of 300-mm diameter in linear or quadrature mode. In the phantom measurements, B 1 maps of a 130-mm diameter spherical saline phantom were measured in both modes. In linear mode, we used feeding port P with a phase of 09at transmission (Fig. 1) . Our institutional review board approved these volunteer studies, and we obtained informed consent from the 4 subjects before measuring B 1 maps of a 2-dimensional (2D) slice plane across the basal ganglia.
In all measurements, transmissionˆeld B 1 ＋ maps were measured as previously described 12 using a phase method 14 in which a set of 2 spin echo (SE) images was acquired using hyperbolic secant (HS) pulses for both excitation and refocusing on the same plane. When a frequency sweep of those pulses is applied in the opposite direction in the 2 acquisitions and the duration of the p/2 pulse is twice that of the p pulse, a B 1 ＋ map can be calculated from the phase diŠerence map between those 2 images. 14 All sequence conditions were the same as previously reported 12 : TR/TE, 500/30 ms; slice thickness, 2.5 mm; duration of p/2 and p pulses, 12/6 ms; bandwidth of both pulses, 1.6 kHz; number of acquisitions, 2; matrix size, 256×128; and measurement time, 4 min per set of 2 SE images. For receptionˆeld B 1 -mapping of the saline phantom, we obtained an image of the same slice plane as in the B 1 ＋ mapping using an adiabatic spin echo (ASE) imaging sequence. In this sequence, SE signals were refocused by a p/2 adiabatic half-passage pulse without slice selection followed by a pair of HS pulses along with slice gradients for a 2D slice selection of 2.5-mm thickness. The sequence conditions were: TR/TE, 3000/35 ms; duration of p/2 and p pulses, 4/12 ms; and bandwidth of p pulse, 0.8 kHz. The magnitude of this image obtained with homogeneous excitation was considered as a Results Figure 2 shows B 1 maps of a saline phantom using a transceiver TEM coil in both linear and quadrature modes. In linear mode, measured maps of B 1 ＋ and B 1 -were asymmetric in distribution and seemed to have mirror symmetry between them concerning the P-axis (Fig. 2a, b) . This mirror symmetry between B 1 ＋ and B 1 -maps has been reported. [8] [9] [10] [11] [12] [13] In contrast, the magnitude of RFˆeld B 1xyMag in the laboratory frame computed from B 1 ＋ and B 1 -maps has symmetric features concerning the P-axis (Fig. 2c) . This is consistent with the loading of a symmetric sample inside an RF coil designed to achieve a homogeneousˆeld. This distribution pattern was similar to the magnitude of a gradient echo image (Fig. 2d) . In a calculated B 2 1xyPhase map, high signal intensities were shown in areas of the upper and lower sides and lower intensities in the left and right sides (Fig. 2i) .
Distribution in maps of B 1t
＋ and B 1r
was more uniform measured in quadrature mode than linear mode, and no mirror symmetry appeared (Fig. 2e,  f) . In the B QD 1xyMag map computed from the maps of B 1t ＋ and B 1r -, symmetric patterns appeared concerning the P-axis (Fig. 2g) . Compared with the map of B 2 1xyPhase in linear mode, the map of B 2QD 1xyPhase had lower intensities and showed ‰atter patterns (Fig.  2i, j) . This is the reason for the small diŠerence between B 1t Ibrahim showed by simulation that the distribution of B 1x or B 1y which is the amplitude of a component in the laboratory frame, is symmetric inside a symmetric sample loaded in a volume coil (See Fig. 3 in  ref. 13 ). These simulated results are convincing because the RF coil was designed to achieve a homogeneousˆeld in the laboratory frame. In our -in the rotating frame. In linear mode, mirror symmetric features appear between the B 1 ＋ and B 1 -maps with respect to the P-axis, which passes through the excitation port, P. phantom measurements, a map of B 1xyMag , which consists of B 1x and B 1y , had a symmetric feature concerning the P-axis, which passes through the feeding port (Fig. 2c) . A map of B 2 1xyPhase ＝B 1x B 1y sin (u y -u x ) is antisymmetric concerning the P-axis and also over the 4 quadrants deˆned by the P-and Q-axes (Fig. 2i) . Whereas the distribution of B 1x B 1y has a symmetric feature, the distribution of sin (u y -u x ) may cause this typical pattern.
In quadrature mode, B 1t These features are shown in the human brain measurements (Fig. 3) . This phenomenon may be caused by the adjustment protocol of the quadrature TEM coil used in the measurements. In this protocol, capacitors and inductances were adjusted more carefully to achieve a symmetric image in hu-man brain measurements than in the phantom measurements. The more adequate adjustment meets the quadrature condition in the human brain more than in the spherical phantom. Then, maps of B 1t ＋ and B 1r -in human brain show mirror symmetry to each other concerning the y-axis (Fig. 3) .
When the quadrature condition is not held, Eq. [9] (Fig. 2e,  f) .
Conclusion
We derived the relationship of the magnitude of an RFˆeld between the laboratory and rotating frame in both linear and quadrature coils. We found that B 1 
